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Field Of The Invention 
This invention relates to multicolor organic light 
emitting devices and more particularly to such devices for use 
in flat panel electronic displays. 

Background Of Th^ Tnvention 



The electronic display is an indispensable way in 
modern society to deliver information and is utilized in 
television sets, computer terminals and in a host of other 
15 applications. No other medium offers its speed, versatility and 
interactivity. Known display technologies include plasma 
displays, light emitting diodes (LEDs) , thin film 
electroluminescent displays, and so forth. 

The primary non-emissive technology makes use of the 
20 electro optic properties of a class of organic molecules known 
as liquid crystals (LCs) or liquid crystal displays (LCDs) . LCDs 
operate fairly reliably but have relatively low contrast and 
resolution, and require high power backlighting. Active matrix 
displays employ an array of transistors, each capable of 
25 activating a single LC pixel. There is no doubt that the 
technology concerning flat panel displays is of a significant 
concern and progress is continuously being made. See an article 
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«,tltl.d -nat P«..l Display.", scientific to.ric.n, karch 1993, 

p,. 90-97 W s.w. D.PP "«> » '^"="' " 

iMlcatea that by 1995 flat pan.1 dlaplay. alon. ar. «.p.=t«i to 
for. a «rKet of b.tw..n 4 and 5 billion dollar.. Cirable 
factor, for any dii»l.y fchnolow i- the ability to provid. a 
high r..olutlon full color display at 90od light l.v.1 «.d at 

competitive pricing. 

color displays operate with the three primary colore 
red (R) , green (G) and blue (B) . There has been considerable 
progress in demonstrating red, green and blue light emitting 
devices (LEDs) using organic thin film materials. These thin 
film materials are deposited under high vacuum conditions. Such 
techniques have been developed in numerous places throughout the 
world and this technology is being worked on in many research 
facilities. 

presently, the most favored high efficiency organic 
emissive structure is referred to as the double heterostructure 
LED Which is shown in Fig. lA and designated as prior art. This 
structure is very similar to conventional, inorganic LED's using 

materials as GaAs or InP. 

in the device shown in Pig. lA, a support layer of 
glass 10 is coated by a thin layer of Indium Tin oxide (ITO) 11 
which layers 10 and 11 form the substrate 8. Next, a thin (100- 
500 k) organic, predominantly hole transporting layer (HTL) 12 
is deposited on the ITO layer 11. Deposited on the surface of 
HTL layer 12 is a thin (typically, 5oA - lOoA) emission layer 
(EL) 13. If the layers are too thin there may be lack of 
continuity in the film, and thicker films tend to have a high 
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internal resistance requiring higher power operation Emissive 
layer (EL) 13 provides the recombination site for electrons 
injected from a 100-500A thick electron transporting layer 14 
(ETL) with holes from the HTL layer 12. The ETL material is 
characterized by its considerably higher electron than hole 
mobility. Examples of prior art ETL, EL and HTL materials are 
disclosed in U.S. Patent No. 5,294,870 entitled "Organic 
Electroluminescent Multicolor Image Display Device", issued on 
March 15, 1994 to Tang et al. 

Often, the EL layer 13 is doped with a highly 
fluorescent dye to tune color and increase the electroluminescent 
efficiency of the LED. The device as shown in Fig. lA is 
completed by depositing metal contacts 15, 16 and top electrode 
17. Contacts 15 and 16 are typically fabricated from indium or 
15 Ti/Pt/Au. Electrode 17 is often a dual layer structure 
consisting of an alloy such as Mg/Ag 17' directly contacting the 
organic ETL layer 14, and a thick, high work function metal layer 
17" such as gold (Au) or silver (Ag) on the Mg/Ag. The thick 
metal 17" is opaque. When proper bias voltage is applied 
between top electrode 17 and contacts 15 and 16, light emission 
occurs through the glass substrate lO. An LED device of Fig. ia 
typically has luminescent external quantum efficiencies of from 
0.05 percent to 4 percent depending on the color of emission and 
its structure. 

Another known organic emissive structure referred as 
a single heterostructure is shown in Fig. IB and designated as 
prior art. The difference in this structure relative to that of 
Pig. lA, is that the EL layer 13 serves also as an ETL layer, 
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^ Tfowever* tha device of 

.Itainatin, th. ETL X.y« 14 »' 

,19. IB. for .«ici.nt ap«.ti=n, i„=.rpo«t. „ EL layer 

„ ^vin, ,o,d .Uctron tr».port cpabiUty, oU.„vi.. . 

ETL X.y« » .u.t b. inclu..d tor d.vic. 

of Fig. lA- J 
Pr»«.tly, th. hi*«t .£Uci.n=i.. have b.e„ ob.«v.<. 

i„ LED... Pur«>.r«.*., ariv. volt.,., of 3 to 10 volt, 

^.v. b..n .=hl.v.d. Th... «rly .nd very pro^.in, 
a«»..tr.tio„. h.v. u..d »orphou. or highly polycry.t.llin. 
or,»i= l.y.r.. Th... .tru=tur.s undoubtedly limit th. ch.r,. 
=.rri.r -obillty .=ro.. th. f il- whioh. in turn, limits curr.nt 
.„a in=r..s.s drive volt.,.. Mi<^.tion .nd growth of 
cry.t.lUtes .ri.ln, from th. polyory.t.lUn. .t.t. i. . 
pronounoed f.ilur. mod. o£ .uch devic... ELctrod. =ont.ct 
ae5p:.d.tion is .l.o . pronouncd failure m.=hani.m. 

V.t .noth.r known LED d.vlc. i. shown in Fi,. IC, 
illustratin, a typical cro.. .ectional view of . .in,l. Lyer 
(polymer, LED. As shown, the d.vioe includes . ,1." .-Pport 
l.y.r 1, coated by . thin ITO layar 3, for formin, th. b... 
substrate. A thin organic l.yer 5 of spin-coat.d polymer, for 
.xample, is formed over ITO layer and provide, all of th. 
functions of the 8TL, ETL. and EL layers of the previously 
4..crib.d d.vic... * metal -i-^o^- ^'^^^ ' ""'^ 
or,«.i= layer 5. The metal is typically M,, ca, or other 

conventionally used metals. 

An example of a multicolor electrolumlnescnt Ima,. 
display dsvic. »ployin, or,.nlc compounds for li,ht .mlttin, 
pix.ls is di.clo..d in T«„ .t al.. ».S. Patent Ho. S,2«.e70. 
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This patent discloses a plurality of light emitting pixels which 
contain an organic aediua for emitting blue light in blue- 
emitting subpixel regions. Fluorescent media are laterally 
■paced from the blue-emitting subpixel region. The fluorescent 
media absorb light emitted by the organic medium and emit red and 
green light in different subpixel regions. The use of materials 
doped with fluorescent dyes to emit green or red on absorption 
of blue light from the blue subpixel region is less efficient 
than direct formation via green or red LED's. The reason is that 
the efficiency will be the product of (quantum efficiency for 
EL)* (quantum efficiency for f luorescence) *(l-transmittance) . 
Thus a drawback of this display is that different laterally 
•paced subpixel regions are required for each color emitted. 

SUHUnarV Of The TnvAn1-<TTn 



It is an object of the present invention to provide a 
multicolor organic light emitting device employing several types 
of organic electroluminescent media, each for emitting a distinct 
20 color. 

It is a further object of this invention to provide 
Buch a device in a high definition multicolor display in which 
the organic media are arranged in a stacked configuration such 
that any color can be emitted from a common region of the 
25 display. 

It is another object of the present invention to 
provide a three color organic light emitting device which is 
extremely reliable and relatively inexpensive to produce. 
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„ . «^.r oM.ct to provide .uC . a.vic ..1=. 

: » o, invention. . -u^ticoio. U,nt 

; .«=xe. on. upon U.. oU..r. pr..-"y 

. ..eona or,.nio LE „ith ..=h LEO ..P«.t«> on. 

thr... to for. . l.y«e« .truetur.. 

. ..„., b» . tr«n.p«r.nt conductive leyer to enaDi 
fro.th.oth.rby.tr P ^.„,,.i „ «.it light through 

device to receive . .epar.t. bi.s pot.nt«l 

the stack. 

.cubi. h.tero.tructure iight emitting device .ccordin, to 

:r,: iB i. . cross sectionai vie« c, a t„icai organic 
..„g.. haterostructur. Xight emitting device according to 

the prior art. 

Fig. IC i. a cross sectional view 
,™.r LED structure .ccording to the prior art. 
'-'Zr... .3. and .= ar. cross sectional views o. a 
«d three color pi«l utilizing crystalline organic light 
; integrated thre „„^i„, .c «hodi.«.t. 

emitting devices (LED s) , re^F 
of this invention,, respectively. 



6 



wo 96/19792 



PCT/US9S/1S790 



10 



15 



20 



25 



Pigs. 3-11 show a variety of organic coap&unds which 
■ay be used to coaprise the active eaission layers for generating 
the various colors. 

Fig«. 12(A-E) illustrate a shadow nasJcing process for 
the fabrication of the multicolor LED according to the Invention. 

Figs. 13(A-F) illustrate a dry «tching process for the 
fabrication of the multicolor LED according to the invention. 

Fig. 14A shows a multicolor LED of one embodiment of 
this invention configured for facilitating packaging thereof. 

Pig. 14B shows a cross sectional view of a hermetic 
package for another embodiment of the invention. 

Pig. 14C is cross sectional view taken along 
14C-14C of Pig. 14B. 

Fig. 15 is a block diagram showing an RGB display 
utilizing LED devices according to this invention together with 
display drive circuitry. 

Fig. 16 shows an LED device of another embodiment of 
the invention extending the number of stacked LED's to N, where 
N is an integer number l, 2, 3, n. 

Pgta ll efl Pesgription of th^ Tn^on^^^^ 

Figure lA has been described and is a prior art double 
heterostructure organic light emitting device. The basic 
construction of the device of Fig. ^ is used in this invention 
as will be described. 

Referring to Pig. 2A, there is shown a schematic cross 
section of a highly compact, integrated RGB pixel structure which 
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i. i^i.«nt.a by 9ra«. or v.e ^^^^^^ 

"g.'.lo °" ' . . .„eK Of LED doubl. 

^„ ^ XXO,. on. cn co„.«uct . ^ ^ 

^Uent Of i«v«..ion. .or ^ „ .„ . 

U con.i.«.d in . bctto- ^'-"^ '[ 

vertically oriental in Fi,. 2A, 

. ... in other »bodi».nt., • 

«D.. (s.. ng. IB) , or . .t.=X Of poly-«- 
net«ostructur. (SH, «D • .,„„.tiv.. to the 

^ ri ra vie -n, e,u.. viehie « OH .evic.. 

" tl of ™ -Po-- - -^--"^ ii,ht-e.ittin, 
ir rr con,i.«e. to he .ithin the spirit .n. .cope of 

^"'*t:-a.vic .tr^ct^e aevice .0, coneiet. of en 

_ «c..-..po.i... o^^™-; « — - 

onto the .urf.ce of » XTO leyer P 

. w - n. lever 20E between the for»er Mid rOL layer 
eenawiche. en E. layer The 

for ..a.ple. .ho-n in the ^^^^ 

1;;:::— r.:;:— 

:n . _ie. Of other ..table o.- — 
. ■ n s patent Ho. 5,294,870 to Tang et al. For» 
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(preferably, <4 eV) aetal layer .26M having a thickness typically 
leas than 5oA. Suitable candidates include Mg, Mg/Ag, and As. 
Deposited on the top of aetal layer 26M is another transparent, 
thin conductive iro layer 261. (For convenience herein, the 
5 double layer structure of aetallic layer 26M and ITO layer 261 
is referred to as ITO/aetal layers 26.) Each of the double 
heterostructure devices as 20, 21 and 22 have a bottom HTL layer 
foraed on a transparent conductive layer of ITO 261 or 35. Next 
an EL layer is deposited and then another layer of ETL. Each of 
10 the HTL, ETL, ITO, aetal and organic EL layers are transparent 
because of their coaposition and ainiaal thickness. Each HTL 
layer aay be 50-icooA thick; each EL layer aay be 50.20oA thick; 
each ETL layer aay be 50-loooA thick; each aetal layer 26M aay 
be SO-iooA thick; and each ITO layer 261 and 35 aay be 1000-4000A 
15 thick. por optiaua perforaance, each of the layers should 
preferably be kept towards the lower ends of the above ranges. 
Thus, each LED 20, 21 and 22 (excluding ITO/aetal layers) are 
preferably close to 20oA thick. 

If SH LED devices are used for providing LED's 20, 21, 
SO 22, rather than DH LED devices, the ETL and EL layers' arl 
provided by a single layer, such as layer 13, as previously 
described for the SH of Pig. «. This layer 13 is typically Al- 
quinolate. This is shown in Pig. 2B, where the EL layers 20E, 
21E, and 22E, respectively, provide both the EL and ETL layer 
5 functions. However, an advantage of the DH LED stack of Pig. 2A, 
relative to a SH LED stack of Pig. 2B, is that the DH LED stack 
permits thinner overall construction with high efficiency. 
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. another, the total beam of light 
»^4'M-k from one anocn«ir# w» 

eoncntric eonfi9ur.tlcn, th. - „lttin, 

clo..r M th. 91". »» .uMtrat.. 

.„ic or -.Vice. .u.-.r J o«..t tr» on. 

H<«.v.r, die... .0, .i « .rtric.Ii,upo„«c. 

« UrtHt from each device i» 

— — " . Illc con.i^.-n i. ..c«> 

•^or,t with the Others. A concenwic 
coincident wicn ^ , „ 4„ reaard to device 

inFi, 12E Which vm b. d..crib.d b.10- in r.,«d 
i„ F„. ^^^^ diff«.nc. in 

.^.«.icn ec„..i,ur..icn.. E.ch 

ttzzt::^^ ,i... ' - • 

device emits iig« .^™s the three LED's 

The voltages across, " 

o„i.ir.ction.I patt«n. Th. v , ^ ^^^^^ 

. *-H^ Stack 29 are controlled to proviae 

in the stack particular pixel at any 

emission color and brightness for the P ^ 

* *H»e Thus, each LED as 22, 21 ana 
instant of txme. Thu , respectively, 
.neraized simultaneously with beams as R, G and B, 
energized simu ^i-ibie via the transparent 

.or example, directed through and visible 
layers, as shown schematically in Figs. 2A and 2B. Ea 

„ .nd 22 is capable upon application of a suitable 
structure 20, 21 and 22 is cap 

.«itting a different color light. Tfte a 
bias voltage of emitting 

TFD 20 emits blue Ixgbt. ^ne 
5 heterostructure LED ^^^^^^ 

^ » TFD 21 emits green light wnixc 
heterostructure LED 21 Different 

/nH\ LED 22 emits red light, 
hetercstructur. (DH) LED ^ 

„,^in.tion. cr individual ones of LEO . 2 , 
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activated to selectively obtain a desired color of li«jht for the 
respective pixel partly de{>endent upon the magnitude of current 
in each of the LED's 20, 21 and 22. 

In the eacanple of Figs. 2A and 2B, LED's 20, 21 and 22 
are forward biased by batteries 32, 31 and 30, respectively. 
Current flows fron the positive terminal of each battery 32, 31 
and 30, into the anode terainal 40, 41, 42, respectively, of its 
associated LED 20, 21 and 22, respectively, through the layers 
of each respective device, and from terminals 21, 21 and 43, 
serving as cathode terminals to negative terminals of each 
battery 32, 31, and 30, respectively. As a result, light is 
emitted from each of the LED's 20, 21 and 22. The LED devices 
20, 21 and 22 are made selectively energizable by including means 
(not shown) for selectively switching batteries 32, 31 and 30, 
respectively, into and out of connection to their respective LED. 

In the embodiments of the invention, relative to Figs. 
2A and 2B, the top ITO contact 261 for LED 22 is transparent, 
making the three color device shown useful for headup display 
applications. However, in another embodiment of the invention, 
the top contact 261 is formed from a thick metal, such as either 
Mg/Ag, In, Ag, or Au, for reflecting light emitted upward back 
through substrate 13, for substantially increasing the efficiency 
of the device. Also, overall device efficiency can be increased 
by forming a multilayer dielectric thin film coating between 
glass substrate 37 and the ITO layer 35, to provide an anti- 
reflecting surface. Three sets of anti-ref lecting layers are 
required, one to form an anti-reflection coating at each 
wavelength emitted from the various layers. 
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1„ «ibodi«nt, th. devlc. ot 7-,. » i» 

con.truet«d in an opposi" or invent 

t^.cv rather than the bottom as 
llaht enLslon «ut of the top of .tadc r.Ui.r 

Z for«r. ^ e«.px. of .n i.v«t.a wit. «f«.n=. 

Z n,. ==. i. to r.pi.ce XTO X.,.r 3S vit. . U.iOc. i-ctiv. 

i.y« «. .lu. IXD « 1. th«. provi..a int«=^, n, 
H,, «B .n. ™ i.y.r «T, wit. EL layer 20E r».inin, 

^.wiche* b.t-..n th. l.tt« t-o l.y«.. r-th.r«r., th. ..t.l 
contact layer «M is now depositea on top of ITO lay« «!• Th. 
^.en LEO » an. «d « portion, of th. stacK ar. .aoh 
construct.* with inv.rt.a lay«s (th. HTL and EL layer, of .ach 
„e int.rchan,.d. followod by invertin, th. «t.l and ITO lay.rs, 
„ described for th. in«rt.d blu. LXO 20. Hot. that in th. 
inverted structure, the blue device ao ».st be on top and the red 
device » on the bctto.. Also, the polarities of batteries 30. 

.„d ,2 are reversed. As a result, the current flow through 
devices .0. » and 22. respectively, is in the opposite direction 

4. v^rf 2A when forward biased for 
relative to the embodiment of Fig. 2A, wnen 

emitting light. 

The aevic. in th. cross sectional view has a step-lix. 

or staircase profile, in this exa.pl.. The transparent contact 

„.„ ,ITO, aex per.it separate biasin, of each pixel ele-ent in 

U,e stacK and furthermore the »t.rial can be used as an etch 

fitens The separate biasing of each 
stop during the processing steps, une f 

08 LED Structure 20, 21 and 22 allows for wavelength tunin, of 
«e pixel output to any of various desired color, of th. visible 
„.ctrum as defined in the CIE (Ccmission Internationale d. 
VEclalrage/International Co^aission of Illumination, 
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chroaaticlty standard. The blue emitting LED 20 is placed at the 
bottom of the stack and it is the largest of the three devices. 
Blue is on the bottom because it is transparent to red and green 
light. Finally, the materials "partitioning** using the 
transparent ITO/metal layers 26 facilitates manufacture of this 
device as vill be described. It is the very unique aspects of 
the vacuum growth and fabrication processes associated with 
organic compounds which makes the pixel LED devices shown in 
Figs. 2A, 2B, and 20 possible. The vertical layering shown in 
Figs. 2A, 2B, and 2C allows for the fabrication of three color 
pixels with the smallest possible area, hence, making these ideal 
for high definition displays. 

As seen in Figs. 2A, 2B, and 2C, each device DH 
structure 20, 21 and 22 can emit light designated by arrows B, 
G and R, respectively, either simultaneously or separately. Note 
that the emitted light is from substantially the entire 
transverse portion of each LED 20, 21 and 22, whereby the R, G, 
and B arrows are not representative of the width of the actual 
emitted light, respectively. In this way, the addition or 
subtraction of colors as R, G and B is integrated by the eye 
causing different colors and hues to be perceived. This is well 
known in the field of color vision and display color imetry. In 
the offset configuration shown, the red, green and blue beams of 
light are substantially coincident. If the devices are made 
small enough, that is about 50 microns or less, any one of a 
variety of colors can be produced from the stack. However, it 
will appear as one color originating from a single pixel. 
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Th« organic materials used in the DH structures are 
grovn one on top of the other or are vertically .taOced with the 
longest wavelength device 22 indicative of red light on the top 
.„d the Shortest wavelength element 20 indicative of hlue light 
on the botto.. in this dinner, one minimizes light absorption 
in the pixel or in the devices. Each of the DH LED devices are 
separated by ITO/metal layers 26 (specifically, semitransparent 
metal layers 26M, and indium tin oxide layers 261) . The ITO 
layers 261 can further be treated by metal deposition to provide 
distinct contact areas on the exposed ITO surfaces, such as 
contacts 40, 41, 42 and 43. These contacts 40, 41, 42 and 43 are 
fabricated from indium, platinum, gold, silver or alloys such as 
Ti/Pt/Au, Cr/Au, or Mg/Ag, for example. Techniques for 
deposition of contacts using conventional metal deposition or 
vapor deposition are well known. The contacts, such as 40, 41. 
42 and 43, enable separate biasing of each LED in the stack. The 
significant chemical differences between the organic LED 
materials and the transparent electrodes 261 permits the 
electrodes to act as etch stop layers. This allows for the 
selective etching and exposure of each pixel element during 

device processing. 

Each LED 20, 21, 22 has its own source of bias 
potential, in this example shown schematically as batteries 32, 
31, and 30, respectively, which enables each LED to emit light. 
It is understood that suitable signals can be employed in lieu 
Of the batteries 30, 31, 32, respectively. As is known, the LED 
requires a minimum threshold voltage to emit light (each DH LED) 
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and hence this activating voltage is shown scheaaticcilly by the 
battery syabol. 

The EL layers 20E, 2 IE, 22E nay be fabricated from 
organic coapounds selected according to their ability to produce 
all primary colors and intermediates thereof. The organic 
compounds are generally selected from trivalent metal guinolate 
complexes, trivalent metal bridged guinolate complexes, Schiff 
base divalent metal complexes, tin (iv) metal complexes, metal 
acetylacetonate complexes, metal bidentate ligand complexes, 
bisphosphonates, divalent metal maleonitriledithiolate complexes, 
molecular charge transfer complexes, aromatic and heterocyclic 
polymers and rare earth mixed chelates, as described hereinafter. 

The trivalent metal guinolate complexes are represented 
by the structural formula shown in Fig. 3, wherein M is a 
trivalent metal ion selected from Groups 3-13 of the Periodic 
Table and the Lanthanides. Al*^ Ga*^ and In*^ are the preferred 
trivalent metal ions. 

R of Fig. 3 includes hydrogen, substituted and 
unsubstituted alJcyl, aryl and heterocyclic groups. The alkyl 
group may be straight or branched chain and preferably has from 
1 to 8 carbon atoms. Examples of suitable alkyl groups are 
methyl and ethyl. The preferred aryl group is phenyl and 
examples of the heterocyclic group for R include pyridyl, 
imidazole, furan and thiophene. 

The alkyl, aryl and heterocyclic groups of R may be 
substituted with at least one substituent selected from aryl, 
halogen, cyano and alkoxy, preferably having from 1 to 8 carbon 
atoms. The preferred halogen is chloro. 



15 



PCT/US95/15790 

WO 96/19792 

, »f rig 3 repr...n« . llg«.<" incl"*^"' 
,.U=yi.w=i>yde (..9. ..llcyl" 

.=idi . oroup of th. fot-ul. "(O)"- , 
.eld) , . gro p ^ „ 

. group o. J.. ,.^^^„^^,„„u„., 
d.rlv.tlv.. th«.of (..9. ^ ^ u>. fon».l. ."own 

Hn, , .„ t.o.. ,h.r. M i. 0." ^ » 

... blue «i.3l=n. «>- « i= " 
cpouM. ,.n.r.t. . Wu./,r..n 

««,yl c.rboxyl.t.. =o.pl«.. "^"^"^ " ^ . 

^„=.d A y.llo>. or rod «.l."on is «pected Dy 
Z:^^:^^^^^^ ..Ucyi.id..yd. o. . 

Ti^r lold .ub.i.u.d 3-„.inoiin. .o^^. . ^-P^ 

• on. «av be produced by using a quxnolate for the L 
Green emissions may oe 



group 



™. triv.l.nt «t.l bridged guinol.te cc.ple«. which 

,=v.d in the present invention .re shown in rigs. 4A 
„y h. employed xn the p ^^^^^ 

- ^« These complexes generate green 
„d «. These P „is^l„ol.t.s 
superior environmental stebllity c p . , , .rt 

, =f rig , Where L is . gulnoLte) u.ed xn prior .rt 
(complexes of Fig. 3 wne* 

. -.•nt metal ion M used in these complexes is 
devices. The trivalent metal ion 

•^H Ga*», or in*' being preferred. The 

as defined above with Al , Ga . , „ as 

,.up Z Shown m rig. .a h.s the .omul. SiH wherein . is « 
TeJned .bove. . -so be . group o. the .or.ul. P-O which 
forms a phosphate. 
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The Schif f base divalent aetal complexes Include those 
shown in Figs. 5A and SB wherein is a divalent &etal chosen 
from Groups 2-12 of the Periodic Table, preferably Zn (See, Y. 
Hanada, et al,, "Blue Electroluminescence in Thin Films of 
Axomethin - Zinc Complexes", Japanese Journal of Applied Phvsieg 
Vol. 32, pp. L511 - L513 (1993). The group R' is selected from 
the structural formulas shown in Figs. 5A and SB. The group 
is preferably coordinated to the metal of the complex through the 
amine or nitrogen of the pyridyl group. X is selected from 
hydrogen, alkyl, alkoxy, each having from 1 to 8 carbon atoms, 
aryl, a heterocyclic group, phosphino, halide and amine. The 
preferred aryl group is phenyl and the preferred heterocyclic 
group is selected from pyridyl, imidazole, furan and thiophene. 
The X groups affect the solubility of the Schiff base divalent 
metal complexes in organic solvents. The particular Schiff base 
divalent metal complex shown in Fig. SB emits at a wavelength of 
520nm. 

The tin (iv) metal complexes employed in the present 
invention in the EL layers generate green emissions. Included 
among these complexes are those having the formula SnL'jL^, where 
is selected from salicylaldehydes, salicyclic acid or 
quinolates (e.g. 8 -hydroxy quinol ine ) . includes all groups as 
previously defined for R except hydrogen. For example, tin (iv) 
metal complexes where is a quinolate and is phenyl have an 
emission wavelength (X«) of 504nm, the wavelength resulting from 
measurements of photoluminescence in the solid state. 

The tin (iv) metal complexes also include those having 
the structural formula of Fig. 6 wherein Y is sulfur or NR^ where 
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i. ..l«t«i fro. hydrcn «,d .ub.tl«ted or u».rb.titut.d, 

.^1 ^ «yi. «» ^ " 

c^i„ .na pr.f.r.bly h.. fro. x to . =«bo„ .to.«- «>• P'-"'"' 
^oup i. Phenyl. .-»tltu«,t. for th. .IKyX «^ «yl 

lm=lud. .1^1 »d .l>«.xy having fro. 1 to 8 «rbon .to... 
cy.no h.lo,«.. V «y b. -Let.* fro. .Ucyl, aryl, h.Ud., 
^i„ol.t.. (..,. .-hydro^cyqulnolln., . ..licyl.ld.hyd.., ..licylxc 
.cid, .nd ..l.onitrll«>ithi<.l.t. ("»t.) . «h». * i. s «.d Y 1. 
a. »>d L' i. "^.f .n «.i"lo« ".tv-.n r.d «d or.n,e i. 
expected. 

Th. M(.o.tyl.c.tonat.), co.pU>»s shown in Fig. 7 
generate . blue «.is.ion. Th. .et.l ion H i. ..lected fro. 
tri».l«.t .et.l. Of croup. 3-13 =f the Periodic T.bl. »d th. 
l^anid... Th. preferred ..t.l ions .r. M", 0.« .nd In-. 
B,. group R in Fig. 7 i. the .Me defined for B in Fig. 3. 
For .XMPI., wh«. R i. .ethyl, ««• « i' "l'""^ 
end ln«. respectively, the v.velength. r..ulting fro. the 
.eesurements of photolu.inesc.nce in the .olid st.t. i. 415_, 
445. .nd 457n., respectively (See J. Kido et .1., -organic 
El«trol«-in..c.nt D.vic.s u.in, Lanthanide co.pl.xes-, isiinal 

^ll-y. .^.^ r.r.^ras. vol. 92, Pp. 30-33 (1993). 

The .etal bidentate complexes e.ploy«I in the present 
invention g.n«-.lly produce blue emission.. 

such coTOlexes have the formula HDL', wherein M is 
selected. fro. triv.l.nt «t.ls of Group. 3-13 of the Periodic 
Table and the wnthanides. Th. preferred metal ions are *1*', 
Ga«, in" and Sc-. D is a bidentate Ugand example, of which 
are 'shown in Fig. S*. More specifically, the bidentate Ugand 
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D includes 2-picolyl)cetoncs, 2-quinaldylketones and 2-io-phenoxy) 
pyridine ketones where the R groups in Pig. 8 A are as defined 
above. 

The preferred groups for include acetylacetonate ; 
compounds of the fomula Olrtl wherein is selected from Si, C 
and R is selected from the same groups as described above; 3, 5- 
di(t-bu) phenol; 2, 6-di(t-bu) phenol; 2, 6-di(t-bu) cresol; and 
B2BPZ2, the latter compounds being shown in Figs. 8B-8E, 
respectively. 

By way of example, the wavelength (X„) resulting from 
measurement of photoluminescence in the solid state of aluminum 
(picolymethylketone) bis [2, 6-di(t-bu) phenoxide] is 420nm. The 
cresol derivative of the above compound also measured 420 nm. 
Aluminim (picolylmethylketone) bis (OSiPhj) and scandium (4- 
methoxy-picolylmethylketone) bis (acetylacetonate) each measured 
433nm, while aluminiim [ 2- (0-phenoxy) pyridine] bis [2, 6-di(t-bu) 
phenoxide] measured 450nm. 

Bisphosphonate compounds are another class of compounds 
which may be used in accordance with the present invention for 
the EL layers. The bisphosphonates are represented by the 
general formula: 

¥L\ ( OjP-or ganic-POj ) ^ 

is a metal ion. It is a tetravalent metal ion (e.g. 
Zr**, Ti*^ and Hf** when x and y both equal 1. When x is 3 and y 
is 2, the metal ion is in the divalent state and includes, for 
example, Zn*^, Cu*^ and Cd'*'^. The term "organic" as used in the 
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above formula ..ans any aromatic or heterocyclic fluorescent 
compound that can be bifunctionalized with phosphonate groups. 

The preferred bisphosphonate compounds include 
phenylene vinylene bisphonsphonates as for example those shown 
in Figs. 9A and 9B. Specifically, Pig. shows ^-styrenyl 
stilbene bisphosphonates and Pig. 9B -hows 4, 4'-biphenyl 
di(vinylphosphonates) where R is as described previously and R* 
is selected from substituted and unsubstituted alkyl groups, 
preferably having 1-8 carbon atoms, and aryl. The preferred 
alkyl groups are methyl and ethyl. The preferred aryl group is 
phenyl. The preferred substitutuents for the alkyl and aryl 
groups include at least one substituent selected from aryl, 
halogen, cyano, alkoxy, preferably having from 1 to 8 carbon 
atoms . 

The divalent metal maleonitriledithiolate ("mnt") 
complexes have the structural formula shown in Fig. 10. The 
divalent metal ion m' includes all metal ions having a +2 charge, 
preferably transition metal ions such as Pt*', Zn*' and Pd«. 
Y« is selected from cyano and substituted or unsubstituted 
phenyl. The preferred substituents for phenyl are selected from 
alkyl, cyano, chloro and 1, 2, 2-tricyanovinyl. 

L' represents a group having no charge. Preferred 
groups for include P(OR), and P(R), where R is as described 
above or L» may be a chelating ligand such as, for example, 2, 
2'-dipyridyl; phenanthroline; I. 5-cyclooctadiene; or 
bis (diphenylphosphino) methane . 

Illustrative examples of the emission wavelengths of 
various combinations of these compounds are shown in Table l, as 
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derived from C.E. Johnson mt al., **Lu&inescttnt Iridlun(I), 
ShodiuiD(Z}, and Platinua(ZZ) Dlthiolate Complexes**, Journal of 
the American Chemical Society, Vol. 105, pg* 1795 (1983). 



UttULJL 

[Platinum (1, 5*cyclooctadiene) (mnt) ] 560nm 

CPlatinum(P(0Et)3)2(Bmt) ) 566nm 

[Platinum (P(0Ph} 3} 2 (mnt) ] 605nm 

[Platinum (bis (diphenylphosphino) methane) (mnt) ] 610nm 

[Platinum (PPha) 2 (mnt) ] 652nm 

^wavelength resulting from measurement of 
photo luminescence in the solid state. 



Molecular charge transfer complexes employed in the 
present invention for the EL layers are those including an 
electron acceptor structure complexed with an electron donor 
structure. Figs. IIA-IIE show a variety of suitable electron 
acceptors which may form a charge transfer complex with one of 
the electron donor structures shown in Figs. IIF-IIJ, The group 
R as shown in Figs. IIA and IIH is the same as described above. 

Films of these charge transfer materials are prepared 
by either evaporating donor and acceptor molecules from separate 
cells onto the substrate, or by evaporating the pre-*made charge 
transfer complex directly. The emission wavelengths may range 
from red to blue, depending upon which acceptor is coupled with 
which donor. 

Polymers of aromatic and heterocyclic compounds which 
are fluorescent in the solid state may be employed in the present 
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l:„«tion for t^. EL L.y.r.. Such poXyer. «y ^ u.^ « 
,^.t. . variety of ditt.r«.t c.Xor.a «.i..ion.. t^l. « 
^vid.. «»P1« Of .uifbX. poly.«. th. color of «..ir 
associated emissions. 



PQT.YMER 

poly (para-phenyleneviny lene) 

poly (dialkoxyphenylenevinylene) 

poly(thiophene) 

poly (pheny lene) 

poly (pheny lacety lene) 

poly (N-vinylcarbazole) 



blue to green 
red/ orange 
red 
blue 

yellow to red 
blue 



Th. rare «rth mi«d eh.lat.. for u.e in the present 
invention include any lanthanld. elemente (e.g. La, Pr, Hd, S., 
Eu, and Tb, bonded to a .bidentate aromatic or heterocyclic 
Ugand. The bidentate ligand serves to transport carriers <e.,. 
electrons) but does not absorb the emission energy. Thus, the 
bidentate ligands serve to tr«,s£er energy to the metal, 
examples Of the ligand in the rare earth mixed chelates include 
salicyladehydes and derivatives thereof, salicyclic ecid, 
guinolates, Schiff base Upends. acetylacetonates, 
phenanthrollne, bipyridlne, qulnoline and pyridine. 

The hole transporting layers !0H, 21H and J2H may be 
comprised of a porphorinic compound. In addition, the hole 
transporting layers 20H. 21H and 22H may have at least one hole 
transporting aromatic tertiary amine which is a compound 



22 



wo 96/19792 



PCTAJS95/15790 



20 



25 



containing at least one trivalent nitrogen atom thar is bonded 
only to carbon atons, at least one of which is a aeaber of an 
aromatic ring. For example, the aromatic tertiary amine can be 
an arylamine, such as a monoarylamine, diarylamine, triary lamina, 
5 or a polymeric arylamine. Other suitable aromatic tertiary 
aaines, as well as all porphyrinic compounds, are disclosed in 
Tang et al., U.S. Patent No. 5,294,870, the teachings of which 
are incorporated herein in their entirety by reference, provided 
any of such teachings are not inconsistent with any teaching 
10 herein. 

The fabrication of a stacked organic LED tricolor pixel 
according to the present invention may be accomplished by either 
of two processes: a shadow masking process or a dry etching 
process. Both processes to be described assume, for illustrative 
purposes, a double heterostructure LED construction, i.e., 
utilizing only one organic compound layer for each active 
emission layer, with light emerging from the bottom glass 
substrate surface. It should be understood that multiple 
hetero junction organic LED's having multiple organic compound 
layers for each active emission layer, and/or inverted structures 
(with light emerging from the top surface of the stack) can also 
be fabricated by one skilled in the art making slight 
modifications to the processes described. 

The shadow masking process steps according to the 
present invention are illustrated in Figs. 12(A-E). A glass 
substrate 50 to be coated with a layer of ITO 52 is first cleaned 
by immersing the substrate 50 for about five minutes in boiling 
trichloroethylene or a similar chlorinated hydrocarbon. This is 
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«U».d by rinsin, in .=.«„. for -i"""' 
i„ ..U>yl .icohol «r .pproxl..t.ly fiv. -inut... Th. .ub.tr.t. 
so i. th.n blown dry -iU. ultrahigh parity ("HP) nltr„». AW 
Of th. cl.«.in, .oIv«.t. u«d .r. pr.t.rM.ly .electronic ^.d.-. 
»,t« th. cl.«^ procedure, th. ITO l.y.r sa i. for».d on 
.ub.tr.te 50 in . v.cu»m -in, conv.ntion.X .p»tt«:in, or 

electron beam methods. 

A blu. -ittin, LEO 55 (... Fl9Ur. 12B) i. th.n 

fabricated on th. ITO l.y.r 52 fcllo-s. A " " 

placd on pr.d.t.r.in«. outer portions of the ITO layer 52. The 
.nado- Ba.X 73 .nd other »..c u.ed durin, the .hadow ma.Kin, 
proces. .hould b. introduced and removed between proe». .t.p. 
without «po.in, the device tc noisture. oxygen .nd other 
contaminant, which would reduce th. operational lifetime of th. 
device. This «>y be accomplished by changing masks in an 
environment flooded with nitrogen or an inert gas, or by placing 
the masks remotely onto the device surt.ce in the vacuum 
environment by remote handling techniques. Through the opening 
Of mask 73, . 50-looA thick hole tr«.sporting layer (HTL) 54 and 
50-200A thick blue emission layer (EL) 56 (shown in Fig. 12B) ar. 
sequentially deposited without exposure to air, i.e., in a 
vacuum. An .lectron transporting layer (ETL) 58 having a 
thickne.. pr.f.rably of 50.100oX is then deposited on EL 56. FTL 
58 is then topp«i with a ..mitransparent metal layer 60M which 
may preferably consist of a 10* A, in »0» Mg layer, or other low 
work function metal or metal alloy layer, for example. Layer 60M 
i. very thin, preferably less than lOoA. Layers 54, 56, 5. .nd 
60« may be deposited by any on. of a number of conventional 
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directional deposition techniques such as vapor phase aeposition, 
ion beam deposition, electron beam deposition, sputtering and 
laser ablation. 

An ZTO contect layer 601 of about 1 000*4 OOOA thick is 
then formed on the metal layer 60M by means of conventional 
sputtering or electron beam methods. For convenience herein, the 
sandwich layers 60M and 601 vill be referred to and shovn as a 
single layer 60, vhich is substantially the same as the layer 
26 of Fig. 2. The low work function metal portion 60M of each 
layer 60 directly contacts the ETL layer beneath it, while the 
ITO layer 601 contacts the HTL layer immediately above it. Note 
that the entire device fabrication process is best accomplished 
by maintaining the vacuum throughout without disturbing the 
vacuum between steps. 

Fig. 12C shows a green emitting LED 65 which is 
fabricated on top of layer 60 using substantially the same 
shadow masking and deposition techniques as those used to 
fabricate bliie emitting LED 55. LED 65 comprises HTL 62, green 
emission layer 64 and ETL 66. A second thin (<106A thick, thin 
enough to be semi-transparent but not so thin to lose electrical 
continuity) metal layer 60M is deposited on ETL layer 66, 
followed by another 1000-4 OOOA thick ITO layer 601 to form a 
second sandwich layer 60. 

Shown in Fig. 12D is a red emitting LED 75 fabricated 
upon layer 60 (upon 601 to be specific) using similar shadow 
masking and metal deposition methods. Red emitting LED 75 
consists of a HTL 70, a red emitting EL 72 and ETL 74. A top 
sandwich layer 60 of layers 601 and 60M are then formed on LED 
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75. A. described above for the embodiment of Fig. 2, similarly, 
the top transparent ITO layer 601 can in an alternative 
«»bodiment be replaced by an appropriate metal electrode ..rving 
also to function as a mirror for reflecting upwardly directed 
light baoc through the substrate 50, thereby decreasing light 
losses out of the top of the device. Each ETL layer 74, 66 and 
58 has a thiOcness of 50-20oA; each HTL layer 54, 62 and 70 is 
100-500X thiclc; and each EL layer 56, 64 and 72 is 50-lOOOA 
thick. For optimum brightness and efficiency, each of the layers 
including the ITO/metal layers should be kept as close as 
possible towards the lower end of the above ranges. 

The formation of electrical contacts 51 and 59 on ITO 
layer 52, and electrical contacts 88, 89, 92, 94 and 96 on the 
ITO portion 601 of ITO/metal layers 60 is then preferably 
accomplished in one step. These electrical contacts may be 
indium, platinum, gold, silver or combinations such as Ti/Pt/Au, 
Cr/Au or Mg/Ag. They may be deposited by vapor deposition or 
other suitable metal deposition techniques after masking off the 

rest of the device. 

The final step in the shadow masking process is to 
overcoat the entire device with an insulating layer 97 as shown 
in Fig. 12E. with the exception of all the metal contacts 51, 59, 
88, 89, 92, 94 and 96 which are masked. Insulating layer 97 is 
impervious to moisture, oxygen and other contaminants thereby 
preventing contamination of the LED's. Insulating layer 97 may 
be SiO„ a silicon nitride such as Si^, or other insulator 
deposited by electron-beam, sputtering, or pyrolitically enhanced 
or plasma enhanced CVD. The deposition technique used should not 
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elevate the device temperature above 120 *C inasmuch a& these high 
te]q>eratiires may degrade the LED characteristics. 

The dry etching process for fabricating the LED stack 
according to the invention is illustrated in Figs* 13(A*F). 
Referring to Fig. 13A, a glass substrate 102 is first cleaned in 
the same manner as in the shadow-mask process described above • 
An ZTO layer 101 is then deposited on the glass stibstrate 102 in 
a vacuum using conventional sputtering or electron beam methods. 
An HTL 104, blue EL 105, ETL 106 and sandwich layer comprising 
metal layer 107M and ITO layer 1071, all of generally the same 
thicknesses as in the shadow-masking process, are then deposited 
over the full surface of the ZTO layer 101, using either 
conventional vacuum deposition, or in the case of polymers spin 
or spray coating techniques. ITO/metal sandwich layer 107 
consists of a less than lOoA thick, low work function metal layer 
107M deposited directly on the ETL layer 106, and a 1000-4000A 
thick ITO layer 1071 on the metal layer 107M. On the entire top 
surface of ITO layer 1071, a 100oA-200oA thick layer of silicon 
nitride or silicon dioxide masking material 108 is deposited 
using low temperature plasma CVD. A positive photoresist layer 

109 such as HPR 1400 J is then spiin-on the silicon nitride layer 
108. As shown in Fig. 13B the outer portions 110 (see Fig. 13A) 
of the photoresist layer 109 are exposed and removed using 
stemdard photolithographic processes. The exposed outer portions 

110 correspond to the areas where the bottom ITO layer 101 is to 
be exposed and electrically contacted. Referring to Fig. 13C, 
the outer regions 111 (defined in Fig. 13B) of the silicon 
nitride layer 108 corresponding to the removed photoresist areas. 
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are removed using a CF.:0, plasma. Then, using an ion milling 
technique or another plasma etch, the exposed outer portions of 
ITO/metal layers 1071 and 107M are removed. An 0, plasma is then 
«^loyed to secr^antially remove the corresponding exposed outer 
portion Of the ETL layer 106, EL layer 105. and HTL layer 104, 
respectively, and also to remove the remaining photoresist layer 
109 Shown in Fig. 13D. Finally, a CF,:0, plasma is again applied 
to remove the silicon nitride mask 108, with the resulting blue 
LED configuration shown in Fig. 13D. 

The same sequence of dry etching process steps is used 
to fabricate a green LED 115 atop the blue LED, except that SiNx 
150 is overlaid as shown, followed by a photoresist mask 113 as 
Shown in Fig. 13E to mask the outer portion of ITO layer 101. 
Then the deposition of HTL layer 114, green EL layer 116, and so 
on is performed (see Fig. 13F) . The same photolithography and 
etching techniques used for blue LED fabrication are then 
employed to complete the formation of the green LED 115. The red 
LED 117 is then formed atop the green LED using substantially the 
same dry etching process. A passivation layer 119 similar to 
layer 97 of Fig. 12E is then deposited over the LED stack with 
suitable patterning to expose electrical contacts, as was 
described for the shadow masking process. A photoresist mask is 
used to allow dry etching of holes in passiuation layer 119. 
Next, metal 152 is deposited in the holes. A final photoresist 
layer and excess metal is removed by a "lift-off" process. 

Following the LED stack fabrication, whether performed 
by a shadow mask, dry-etching or other method, the stack must be 
properly packaged to achieve acceptable device performance and 
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reliability « Figs. 14(A-C) illustrate embodiments of the 
invention for faciliting packaging, and for providing a hermetic 
paclcage for up to four of the multicolor LED devices of the 
invention, for example. The same reference numerals used in 
Figs. 14 (A*B) indicate the identical respective features as in 
Fig. 12E. The package may also be used vith the nearly identical 
structure of Fig. 13F. Referring to Fig. 14A, after overcoating 
the entire device vith an insulating layer 97, such as SiNx for 
example, access holes 120, 122, and 124 are formed using known 
etching/photomasking techniques to expose the topmost metal 
layers SOM', 60M", and 60M'^', for the blue, green, and red LED 
(organic light emitting diode) devices, respectively, in this 
example. Thereafter, suitable metal circuit paths 126, 128, and 
130 (typically of gold material), are deposited in a path from 
the exposed metal layers 60M', 60M" , and 60M"', respectively, 
to edge located indium solder bumps 132, 133, and 134, 
respectively, using conventional processing steps. . Similarly, 
an anode electrode termination is provided via the metal (Au, for 
example) circuit path 135 formed to have an inner end contacting 
ITO layer 52, and an outer end terminating at an edge located 
indium solder bump 136, all provided via conventional processing. 
The device is then overcoated with additional insulating material 
such as SiNx to form an insulated covering with solder bumps 132, 
133, 134, and 136 being exposed along one edge. In this manner, 
the organic LED device can be readily packaged using conventional 
techniques, or the packaging embodiment of the invention as 
described immediately below. 
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A «thod for MXtng four multicolor LED d.vic. on . 
.„b.tr.t. 50 in . P.c.c.9... configuration -ill no- b. 
4„crlb^. With r.f.r»c. to Fi,.. 1«A, 148, ^ UC. 
r„p.ctiv.ly, tor «»th«r »bodi..nt of the invention. 
^in, «t.rl.l lnclua» . ,1... .">»tr.t. so co.t.a with «. 
,«.rl.yer of ln4iu« tin oxid. (ITO) 152. Th. foUovin, .top. «. 
n„d to obtain the packaged multicolor or,«.ic LEO «^.y= 

1. Ma.X ITO layar 52 to dapoait an SiO, layer 13» in 
a concentric .quar. band ring pattern, in thi. .xa.pl. (so« 
other pattam can b. «iploy«l) , on top of ITO layar 52 uain, 
conventional techniques. 

2. Form four three-color LED stacks sharing comnon 
layers in region 140 on the SiO, layer 138 using methods as 
taught above for obtaining, for example, either of the structures 

of Figs. 12E or ISF, and 14A. 

3. Deposit via shadow masking metal contacts 170 
through 18l; each terminating at exterior ends on SiO, layer 138, 
for providing external electrical connecting or bonding pads 170 
through 181', respectively. Hote that contacts 126, 128, and 130 
in Fig. 14A are the same as every successive three of contacts 
170-181, respectively. Each group of three contacts, namely 170 
through 172, 173 through 175, 176 through 178, and 179 through 
181, terminate at the.ir interior or other ends to provide an 
electrical connection with the metal layers 60M' , 60M" , 60M-', 
respectively, of each of the four organic LED devices, 
respectively. Another metal contact 182 is deposited via shadow 
masking on an edge of ITO layer 52 common to all four of the LED 
devices, for providing a common anode connection, in this 
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•xasple. Note that if through appropriate nasking and etching 
the four LED devices are Bade in conpletely independent layers, 
four anode contacts, respectively, will have to provided for the 
latter array that can be operated in a multiplexed Banner • The 
5 BUlticolor LED array being described in this example is a non- 
BUltiplexed array. 

4. Deposit via shadow Basking, for example, a second 
SiO, layer 184 in a continuous band or ring leaving exposed 
bonding pads 170' through 181', using either sputtering, or 

10 plasma enhanced CVD, or electron beam deposition, for example, 

5. Deposit Pb-Sn or other low temperature melting 
solder in a continuous band or ring 186 on top of the second SiOj 
layer or band 184. 

6. Deposit on the bottom of a cover glass 188 a metal 
15 ring 190 to be coincident with the solder seal ring 186 « 

7. Install cover glass 188 over the assembly, as 
shown in Fig. 14B, with metal ring 190 abutting against the 
solder ring 186. 

8. Place the assembly in an inert gas atmosphere, 
20 such as dry nitrogen, and apply heat to melt solder ring 186 to 

obtain an air tight seal, with the inert gas trapped in interior 
region 192. 

Referring to Fig. 15, there is shown a display 194 
which is an RGB organic LED display. The dots 195 are ellipsis. 
25 A complete display as 194 comprises a plurality of pixels such 
as 196. The pixels are arranged as a XY matrix to cover the 
entire surface area of a glass sheet coated with ITO. Each pixel 
includes a stacked LED structure as that shown in Fig. 2. 
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instead of having fixed bias means as batteries 30, 31 and 32 
(Pig. 2) each of the lines of terminals designated in Fig. 2 as 
blue (B) , green (G) and red (R) are brought out and coupled to 
suitable horizontal and vertical scan processors 197 and 198, 
respectively, all under control of a display generator 199 which 
My be a TV unit. Accordingly, each matrix of LED's has at least 
tvo axes (x,y) , and each LED is at the intersection of at least 
tvo of the axes. Also, the x-axis may represent a horizontal 
axis, and the y-axis a vertical axis. It is veil knovn now to 
convert television signals such as the NTSC signals into the 
color components R, G and B for color displays. Monitors for 
computers which utilize red, green and blue for primary colors 
are also well known. The drive and control of such devices by 
vertical and horizontal scanning techniques are also known. The 
entire array of pixel structures deposited over the surface of 
the display is scanned employing typical XY scanning techniques 
as using XY addressing. These techniques are used in active 

matrix displays. 

one can use pulse width modulation to selectively 
energize the red, green and blue inputs of each of the DH LED 
pixels according to desired signal content. In this manner, each 
of the LED'S in each line of the display are selectively accessed 
and addressed and are biased by many means such as by pulse width 
modulation signals or by staircase generated voltages to enable 
these devices to emit single colors or multiple colors, so that 
light emitted from said structures creates an image having a 
predetermined shape and color. Also, one can serially scan each 
of the xy axes, and serially energize selected ones of the LED's 
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in th« aatrix to aait light for producing an iaaga with colors 
created serially vertically. Selected ones of the LED's nay be 
siaultaneously energized. 

As indicated above, the vertical layering technique 
shovn in Pig. 2 allows the fabrication of the three color DH LED 
pixel within extreaely small areas. This allows one to provide 
high definition displays such as displays that have 300 to 600 
lines per inch resolution or greater. Such high resolution would 
not be obtainable using prior art techniques in which the organic 
emission layers or fluorescent mediums generating ;the different 
colors are laterally spaced from one another. 

Based on modern standards one can provide a LED device 
as shown in Fig. 2 with an effective area small enough to enable 
hundreds of pixel diodes to be stacked vertically and 
horizontally within the area of a square inch. Therefore, the 
fabrication techniques enables one to achieve extremely high 
resolution with high light intensity. 

In Fig. -16, another embodiment of the invention is 
shown for a multicolor LED device including the stacking of up 
to N individual LED's, where N is an integer number 1,2,3... n. 
Depending upon the state of the technology at any future time, 
N will have a practical limit. The stacked N levels of LED's 
can, for example, be provided using either the shadow masking 
process steps previously described for Figs. 12 (A-E) , or the dry 
etching process illustrated in Figs. 13A through 13F. The base 
or bottom portion of the stacked array of Fig. 16 is a glass 
substrate 102 as shown in Fig. 13F, for example, with an ITO 
layer 101 formed over substrate 102. The immediately overlying 
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tir.t LBD ..Vic. »d mlowln, LED d.vic.. in thi. «-pl., »ch 
^dua. in .uc=...ion cv„ ITO l.y.r loi «. HTL X.y.r 1S4, » EI, 

... _ lav^T 160, «nd an ITO l«y«r 

Uyer 1S6, an ETL layar 158, a matal lay«r i 

Th. »• X.V.1 tED davie. »4 furthar includaa a top».t 
«tal iayar (..a layar 15. of Fig. »F, for-ad ovar U.a uppar.c..t 
XTO layar ie2 t^eraor. A paaaivtion iayar 1« i- -.po-it- .v« 
atac, a. in th. color .tacK of 13F. Tha «tarial for 
..oh EL l.y« 156 Of ..ch lEO davic. i. ..Lotad for providin, 
a particular color for tn. ...oci.t.d I^. As in tn. thraa color 

/Mual dovicea must li. lowMr in th. 
davic. , ahorter wavalangth (Blua) 

fr^A\ devices to avoid optical 
atadc than the longer wavaLngth (red) aavic 

ahaorption by th. r.d a-tttln, lay.rs. Th. color .alact«. for 
aach r..p.=tiv. IB, th. actual nu.ber of atacKod I^'a «. 
d.p«.d.nt upon th. particular application, and th. dasired colors 
and Shading capability to b. providod. Such «.lti-color dovicas 
can also b. us.d in optical co^unication. natworka, «h«r. «ich 
diff.r.nt optical ch.nn.l is tr.ns»itt.d using a diffarant 
«v.l.ngth «ittad fro. a givan d.vice in the stacK. Th. 
l„h.rantly conc«,tric natur. of th. fitted light allow for 
coupling of savaral wav.l««,ths into a singl. optical 
transmission fibar. In practical such stacXad arrays, accass 
holas ar. for..d down to the ITO layer 162 of ..ch d.vic 
followad by th. daposltion of appropriat. .atallixation for 
facilitating pacKaglng and alactrical connaction to aach of th. 
„0 davicas in th. stacX. in a «nn.r sUilar to that dascribad 
for th. stacxed multicolor LED device of Figs. 14A. 14B. and 14C, 
for example. 
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This device can be used to provide a low cost, high 
resolution, high brightness full color, flat panel display of any 
■ise. This videns the scope of this invention to displays as 
saall as a few millineters to the size of a building. The iaages 
created on the display could be text or Illustrations in full 
color, in any resolution depending on the size of the individual 
LED's. 

Those with skill in the art may recognize various 
■edifications to the eabodiments of the invention described and 
Illustrated herein. Such modifications are meant to be covered 
by the spirit and scope of the appended claims. For example, a 
multicolor stacked LED device, such as the above-described three 
color device of Fig. 2, in another embodiment of the invention 
can be provided by forming LED 20 from a polymer device as shown 
in Fig. ic, or from a deposited metal phosphonate film, rather 
than having all three layers laid down in vacuo. The two 
remaining stacked LED's would be formed by vapor deposition. 
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K .ulticolor light .mitting device (IXD, 

structure, co.pri.ing: ^ 
a plurality of at least a first and a 

i. device (LED) -tacXed one upon the other, to form 
emitting organic device {uuj} 

with each LED separated one fro» the other 
a layered structure, with eacn i-ea^ f ^ to 

Li.. . .i« PO-ti.. to op.».e to »U U,.t 

10 through the stack. 

, The .ulticolor light emitting device structure of 

• of said LED's emits a different wavelength 

claim 1, wherein each of saia iat.u 

Of light and therefore a different color when biased. 

3 The multicolor light emitting device structure of 
Claim i. including at least first through third light emitting 
devices stacJced upon one another, respectively. 

4 The multicolor light emitting diode structure of 
" Claim 3, Wherein said first device emits the color hlue <B) , said 

. • .»its the color green (G) and third device emits 
second device emits tne coxwi. ^ 

the color red (R) • 

5 The Bultlcolor light Mittin, device structure of 
" ciei. <. Wherein »i. devices ere etecKed in the .oii^in, 

„^.„c. eion, the vertical «is stertin, fro. e .otto» pent en. 
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has the second device for emitting a green color located on top 
of the upper surface of said blue emitting device, with the third 
device for emitting a red color located on top of the upper 
surface of said green emitting device, whereby said blue emitting 
device of the shortest vavelength is at the bottom with the red 
emitting device of the longest wavelength on top when the 
structxire is aligned vertically. 

6. The multicolor light emitting device structiire of 
claim 1, %fherein each LED device is a transparent double 
heterostructure (DH) device fabricated from organic materials. 

7. The multicolor light emitting device structure of 
claim 1, wherein each LED device is a transparent single 
heterostructure device fabricated from organic materials. 

8. The multicolor light emitting device structure of 
claim 6, wherein said transparent conductive layer includes 
indium tin oxide (ITO) . 

9. The multicolor light emitting device structure of 
claim 7, wherein said transparent conductive layer includes 
indium tin oxide (ITO). 

10. The multicolor light emitting device structure of 
claim 3, wherein said at least first, second, and third organic 
LED's are stacked in successive order over a common substrate. 
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11. The multicolor light emitting device srructur. Of 
claiia 10/ Wherein said substrate is at the bottom of .aid LED 
structure, and a topmost layer of said third organic LED included 
consists of indium tin oxide (ITO) material serving as a contact 
for an underlying metal material layer. 

12. The multicolor light emitting device structure of 
claim 6, Wherein said transparent conductive layer comprises a 
metallic layer having a work function less than about four 
electron volts, and an ITO layer on said metallic layer. 

13. The multicolor light emitting device structure of 
claim 6, Wherein said organic material is selected froin the group 
consisting of trivalent metal quinolate complexes, trivalent 
metal bridged quinolate complexes, Schiff base divalent metal 
complexes, tin (iv) metal complexes, metal acetylacetonate 
complexes, metal bidentate ligand complexes, bisphosphonates , 
divalent metal maleonitriledithiolate complexes, molecular charge 
transfer complexes, aromatic and heterocyclic polymers and rare 
earth mixed chelates. 

14. The multicolor light emitting device structure of 
claim 13 Wherein the trivalent metal quinolate complexes have the 
following formula. ^ R 
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vherein R is seleetad from the group consisting of hydrogen, 
substituted and unsubstituted aUcyl, aryl and a heterocyclic 
group, L represents a ligand selected froa the group consisting 
of picolylaethylketone; substituted and unsubstituted 
salicylaldehyde; a group of the fornula R(0)CO- wherein R is as 
defined above; halogen; a group of the formula RO- wherein R is 
fts defined above; and guinolates and derivatives thereof « 

IS. The multicolor light emitting device structiire of 
claim 13 wherein the metal bidentate ligand complexes have the 
following formula: 



MDL*, 



15 wherein M is selected from trivalent metals of Groups 3 - 13 of 
the Periodic Table and the Lanthanides, D is a bidentate ligand 
and L* is selected from the group consisting of acetylacetonate; 
compounds of the formula OR^ wherein R' is Si or C and R is 
selected from the group consisting of hydrogen, substituted and 

20 unsubstituted alJcyl, aryl, a heterocyclic group; 3, 5-di(t-bu) 
phenol; 2, 6-diCt-bu) phenol; 2, 6-di(t-bu) cresol and a compound 
of the formula 



25 
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16. Ih. multicolor light fitting d.vl=. structure o£ 
dal. 15 wh.r.i» 0 i. ..l.=t.d teo» tJ.. group consisting of 2- 
picolyixetone., ^-quinaldylX.ton.. «<i .-(o-ph«.oxy, 

pyridineketones . 

17. The multicolor light emitting device structure 
Of claiB 13 Wherein the Schif f base divalent metal complexes are 
selected from those having the formula 




Wherein M' is a divalent metal chosen from Groups 2 - 12 of the 
Periodic Table, R' is selected from the group consisting of 

X 




wherein X is selected from the group consisting of hydrogen, 
alkyl, alJcoxy each having 1 to 8 carbon atoms, aryl, a 
heterocyclic group, phosphino, halogen and amine. 
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18. The multicolor light emitting device struct\ire 
of claim 13 wherein the aromatic and heterocyclic polymers are 
selected from the group consisting of poly ( par a-pheny lane 
vinylene) , poly (dialkoxyphenylene vinylene) , poly (thiophene) , 
poly Cphenylene) , poly (phenylacetylene) and poly (n- 
vinylcarbazole) . 

19 . The multicolor light emitting device structure of 
claim 13 wherein the rare earth mixed chelates comprise a 
I^thanide bonded to a bidentate aromatic or heterocyclic group. 

20. The multicolor light emitting device strurture of 
claim 19 wherein the bidentate aromatic or heterocyclic group is 
selected from the group consisting of salicylaldehydes and 
derivatives thereof, salicyclic acid, guinolates, Schiff base 
ligands, acetylacetonates, phenanthroline, bipyridine, guinoline 
and pyridine. 

21. The multicolor light emitting device structure of 
claim 19 wherein the divalent metal maleonitriledithiolate 
complexes have the formula 




Wherein is a metal having a .2 charge, y' is selected from the 
group consisting of cyano and substituted and unsubstituted 
phenyl, and is a group having no charge.. 
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,x «.«.in i. . 9r=up c. t.. fcr-ula P.O.,. or P.K,. 

group. 

„ Tb. -ulticoxcr light -i«in, device structure ot 
Clei. 13 Wherein t.e bisphosphonates have the .=r»ule M..<0,P- 
or^anic-PO.,, vberein M' i. e .etal ion an. organic "P—t. an 
„o.atic or heterocclic fluorescent co»poun. bi.unct.onal.«d 
with phosphonate groups. 

24 The multicolor light emitting device structure of 
clai. X3 Wherein the trivalent metal hridged guinolate complexes 
have the formula 

CH2-\-N 
/ \ V-M 




or 




wberein M i. a trlval.nt «tal ion ana Z is selected .re SiH or 
P.0 Wherein R is selected iron the group consistin, ot hydrogen, 
substituted or unsubstituted alKyl. aryl, or a heterocyclic 
group. 
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25. The multicolor light emitting device structure of 
claim 13 vherein the tin (iv) metal complexes have the formula 
STa}^\ vherein is selected from the group consisting of 
salicylaldehydes, salicyclic acid, and guinolates and is 
selected from the group consisting of substituted and 
unsubstituted alkyl, aryl and a heterocyclic group. 

26. The multicolor light emitting device structure of 
claim 13 vherein the molecular charge transfer complexes comprise 
an electron acceptor complexed vith an electron donor. 

27. The multicolor light emitting device structiure of 
claim 1, vherein said devices are stacked in an order dependent 
upon and in accordance vith their respective emission vavelength 
and absorption characteristics. 

28. The multicolor light emitting device of claim 2, 
vherein the longest vavelength LED is on top of the stack in the 
vertical direction folloved by successively shorter vavelength 
LEO'S, vith the shortest vavelength LED on the bottom of the 
stack . 

29. A multicolor light emitting device structure, 
comprising: 

a transparent substrate layer having deposited on 
a surface a first transparent conductive coating; 

a first light emitting device deposited on said 
first transparent conductive coating; 
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a second transparent conductive coating deposited 
on the surface of .aid first device not in contact with said 
first coating; 

a second light emitting device deposited on the 

surface of said second coating; 

a third transparent conductive coating deposited 
on the surface of said second device not in contact with said 
second coating; 

a third light emitting device deposited on the 

surface of said third coating; and 

a further conductive coating deposited on the 
surface of said third device not in contact with said third 
coating . 

30. The multicolor light emitting device structure of 
claim 29, wherein said first, second, third and fourth conductive 
coatings are adapted to receive individual sources of biasing 
potential, respectively. 

31. The multicolor light emitting device structure of 
claim 29, wherein said devices and conductive layers are 
deposited to form a staircase profile, with said transparent 
substrate being of a greater length than said first device, with 
said first device being of a greater length than said second 
device, with said second device of a greater length than said 
third device, wherein each step is covered by said respective 
conductive coating adapted for applying operating potentials to 
said device structures, and wherein said first through third 
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transparent conductive coatings allow light emitted by any of 
said devices, respectively, to pass through said transparent 
substrate layer. 

5 32. The multicolor light emitting device structure of 

claim 29, wherein said further conductive coating, includes a 
third metal that reflects upward directed light back to said 
substrate. 

10 33. The multicolor light emitting device structure of 

claim 32, wherein said further conductive coating further 
includes a relatively thin indium tin oxide (ITO) layer between 
said thick metal and said surface of said third device not in 
contact with said third coating, said ITO layer serving as a 

15 contact for an underlying metal material layer of said third 
light emitting diode device. 

34. The multicolor light emitting device structure of 
claim 29, wherein said transparent siibstrate is glass, said first 

20 conductive coating is indium tin oxide (ITO) , and each of said 
second, third and further conductive coatings are comprised of 
an ITO layer disposed on a low work function metal layer. 

35. The multicolor light emitting device structure of 
25 claim 29, wherein each of said devices are double 

heterostructures (DH) , with said first device operative when 
biased to emit blue light (B) , said second device operative when 
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bia..d to emit gr*en light (G) , said third device operative when 
biased to emit red light (R) . 

36. The multicolor light emitting device structure of 
5 claim 35, wherein each DH structure is comprised of organic 

compounds • 

37. The multicolor light emitting device structure of 
claim 29, wherein each of said devices are single 

10 heterostructures (SH) , with said first device operative when 
biased to emit blue light (B) , said second device operative when 
biased to emit green light (G) , and said third device operative 
when biased to emit red light (R) . 



15 



38. The multicolor light emitting device structure of 
claim 29, wherein each of said devices are polymer structures, 
with said first device operative when biased to emit blue light 
(B) , said second device operative when biased to emit green light 
(G), and said third device operative when biased to emit red 

20 light (R) - 

39. A multicolor display, comprising: 

a plurality of multicolor light emitting device 
pixel structures arranged in rows and columns to provide a 
25 display surface with each pixel structure consisting of at least 
one multicolor light emitting device structure wherein each 
device structure comprises first, second and third light emitting 
devices (LED's) stacked one upon the other to form a layered 
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Structure, with each LEO separated by a transparent conductive 
layer, and whereby said display can be biased via said conductive 
layers to cause said nulticolor light emitting devices to emit 
light when biased. 

40. The Bulticolor display of clain 39, wherein said 
first LED emits blue light (B) , said second LED emits green light 
(G) and said third LED emits red light (R) . 

41. The multicolor display of claim 39, wherein each 
LED device is a double heterostructure (DH) device capable of 
emitting light as a function of an organic compound employed in 
said device. 

42. The multicolor display of claim 39, wherein each 
of said LED devices is a single heterostructure (SH) device 
capable of emitting light as a function of an organic compound 
employed in said device. 

43. The multicolor display of claim 39, wherein each 
of said LED devices is polymer structured device capable of 
emitting light as a function of an organic compound employed in 
said device. 

44. The display of claim 39, wherein said plurality 
of multicolor device structures as arranged in rows and columns 
on a glass substrate coated with a thin transparent layer of ITO 
and with each of said first, second and third LED devices of each 
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pixel .t.cK.d on ..id «b.tra« to for. . ..P-" Pi"^ 
location. 

45. » ..thod of fabrictin, . .ultioolor light 
„lttln, d.vi=. (LED) .tructur. co«>ri.ln9 th. .t.p. of: 

lor-in, . fir.t tr«..p.r«.t conductiv. layer upon 

a transparent substrate; 

depositing a first hole transporting layer upon 

said first transparent conductive layers- 
depositing a first organic emission layer upon 
«id first hole transporting layer to provide a first emission 
color; 

depositing a first electron transporting layer 

upon said first emission layer; 

depositing a second transparent conductive layer 
upon said first electron transporting layer, said second 
transparent conductive layer adapted to receive a first bxas 
potential ; 

depositing a second hole transporting layer upon 
said second transparent conductive layer; 

depositing a second organic emission layer upon 
said second hole transporting layer to provide a second emission 
color; 

depositing a second electron transporting layer 

25 upon said second emission layer; and 

depositing a third transparent conductive layer 

upon said second electron transporting layer, said third 
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txwisparent conductive layer adapted to receive a tecond bias 
potential • 

46. The sethod of claim 45, further including the step 
of shadow masking a region of said first transparent conductive 
layer prior to depositing said first hole transporting layer to 
expose said region of said first transparent conductive layer 
thereby enabling said first bias potential to be applied between 
said second transparent conductive layer and said region of said 
first transparent conductive layer. 

47. The method of claim 45, further including the step 
of etching away a region of said first hole transporting layer 
to expose a portion of said first transparent conductive layer 
thereby enabling said first bias potential to be applied between 
said second transparent conductive layer and said exposed portion 
of said first transparent conductive layer. 

48. A method of fabricating a hermetically packaged 
multicolor light emitting device (LEO) , comprising the steps of: 

forming a first transparent conductive layer upon 
a transparent substrate; 

masking said first conductive layer for depositing 
an SiOj layer thereupon in a concentric pattern; 

forming on a portion of said first SiOj layer at 
least one multicolor LED, each including at least a first and a 
second organic light emitting devices (LED's) stacked one upon 
the other to form a layered structure upon said first SiOj layer; 
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depositing via shadow .asking a pluralicy of metal 
contacts or circuit paths each having one end terminating near 
an outer edge of said first SiO, layer, and each having another 
«„d terminating on an individual biasing electrode of said at 

least one multicolor LED; 

depositing via shadow masking a second SiO, layer 
as a ring concentric with said first SiO, layer and over outer 
portions of said plurality of metal contacts but leaving exposed 

said one ends thereof; 

depositing a ring of low temperature melting 

solder over and concentric with said second- SiO, ring; 

depositing on the bottom of a cover glass a metal 

ring positioned to be coincident with said ring of solder; 

installing said cover glass over said substrate 

and at least one multicolor LED, with said ring of solder 

abutting against said metal ring on said cover glass; 

placing said assembly in an inert gas atmosphere; and 
heating said ring of solder to melt the solder for both 

forming an air tight seal, and entrapping said inert gas in an 

interior region between the bottom of said cover glkss and 

underlying substrate. 



49. The method of claim 48, wherein said multicolor 
LED forming step further includes forming a plurality of 
25 • multicolor LED devices on said first SiO, layer. 



50. The method of claim 48, wherein said inert gas 
includes dry nitrogen. 
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51. The method of claim 4B, wherein Aaid first 
transparent layer includes indiim tin oxide (ZTO) • 

52. The aethod of claim 51, further including the step 
of depositing a metal contact proximate an edge of and upon said 
ITO layer for serving as a cathode electrode. 

53. The method of claim 49, further including the step 
of depositing a metal contact proximate an edge and upon said 
first transparent conductive layer for serving as a cathode 
electrode. 

54. The method of claim 53, wherein said first 
transparent conductive layer includes indiim tin oxide (ITO) . 

55. A multicolor, energizable, light emitting 
structure, comprising; 

at least three layers of conductive material; 

a transparent, energizable, light emitting device (LED) 
disposed between adjacent ones of said layers of conductive 
material, respectively, so that said LEDs are stacked on each 
other with one of said layers of conductive material disposed 
between each two of said LEDs and the other layers of conductive 
material are disposed on the outside of said LEDs; 

said layers of conductive material disposed between 
adjacent ones of said LEDs and one of said outside layers being 
substantially transparent; and 
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„.„. on «oh of ..Id l.y«r. ot eonductlv. ».teri.l for 
.«l„, co».et.d to . bi.. for «X.ctiv.ly .„«:gUl"g of ..id 

56. Th. .tructur. of claim 55, wherein each of .aid 
LEDs emits a different color. 

57. The structure of claim 56, wherein said LEDs are 
stacked in a vertical array. 

58. The structure of claim 57, further including: 
a third LED in said stack; 

the middle one of said LEDs being operative to 
emit light of a predetermined wavelength; 

one of the other LEDs being operative to emit 

light of a longer wavelength; and 

the lowest LED being operative to emit light of 

a shorter wavelength. 

59. The Structure of claim 57, further including: 
a transparent substrate; 

said stack of LEDs and layers of conductive 
wterial being supported by. said transparent substrate in an 
order that corresponds to the length of the light wave that said 
LEDs emit; and 

said LED emitting the shortest wavelength is 
closest to said transparent substrate so that the light emitted 
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froB each of said LEDs vhen it is energized is 'jransmitted 
through the other LEDs and through said transparent substrate* 

60. The structure of clain 59, further including: 

a layer of anti-ref lecting material disposed 
between said LED eaittihg the shortest wavelength and said 
transparent substrate so that the light enitted from each of said 
LEDs when it is energized is not reflected f roa said transparent 
substrate • 

61. The structure of claim 59, further including: 

a layer of reflective material adjacent said LED 
emitting the longest wavelength for reflecting light emitted from 
said LED back through said substrate; 

62. The structure of claim 55, wherein said layer of 
conductive material includes indium-tin-oxide (ITO) and a metal. 

63. The structure of claim €2, wherein said metal has 
a work function of less than four electron volts. 

64. The structure of claim 55, further including: 
a transparent substrate; 

said stack of LEDs and layers of conductive 
material being supported by said transparent substrate in an 
order that corresponds to the length of the light wave that said 
LEDs emit; and 
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„ia LED -tttl"9 «v.l«.,th i. 

° L ..=h o. ..id " ^' 

Lou,. oU.„ -ou,. -n.p„.n. .u^«.« wit. 

.ubstantially reduced absorption. 

es. The structure of clai. 64, further including: 

. layer of anti-ref lecting material disposed 

*^*-ir^« the shortest wavelength and said 
between said LED emitting the shor 

. i.hat the light emitted from each of said 
transparent substrate so that the iign 

. . 4. lActed from said transparent 
LEDs when it is energized is not reflected 

substrate. 

« £4 wherein said layer of 

66. The structure of claim 64, wner 

* . 1 4n«=ludes indiua-tin-oxide (ITO) and a metal, 
conductive material includes inai 

67. The structure of claim 66, wherein said metal has 
a „orX function of less than four electron volts. 

68. The structure of claim 64, further including: 

a layer of reflective material adjacent said LED 
emitting the longest wavelength for reflecting light emitted from 
said LED back through said substrate. 

69. The structure of claim 55, wherein each of said 
LEDS is a double heterostructure. 
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70. The structure of clain 55, wherein etch of said 
LEDs is a single heterostructure. 

71. An energizable, light eaitting structure, compris- 
ing: 

a transparent substrate; 

a first layer of substantially transparent, 
electrically conductive naterial supported on said substrate; 

a transparent, energizable, light emitting device 
(LED) supported on said first layer of substantially transparent, 
electrically conductive material, said LED including an emission 
layer; 

a second layer of electrically conductive material 
supported by said LED; and 

said LED being operative to produce light and 
transmit it through said transparent substrate when energized. 

72. The structure of claim 71, wherein said first and 
second layers comprise indium-tin-oxide. 

73. The structure of claim 72, wherein said second 
layer further comprises a layer of metal that has a work function 
that is less than four electron volts. 

74. The structure of claim 73, wherein said metal is 
from the group consisting of magnesium, arsenic and magne- 
sium/gold alloy. 
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, 71 further including: 

75. The structure of claim 7i, luir 

A i«v-r Of electrically conductive 
said eecond layer oi 

«terial being eubstantially transparent; 

. ..cond transparent, energi.ahle, light emitting 

aevice (I^) .uPPorted on said second layer of electrically 
device (i^; LED including an emission layers- 

conductive material , said second LED includi g 

a third layer of electrically conductive material 

.upported by said second LED; and 

said second LED being operative to produce light 

V first LED and through said 

and transmit it through said first 

transparent substrate when energised. 

76. The energi.able light emitting structure of claim 
71, Wherein said emission layer includes at least one material 
selected from the group consisting of trivalent metal 

i.v« trivalent metal bridged quinolate complexes, 
guinolate complexes, trivaient 

^ , ^«™r,i«.ves tin (iv) metal complexes, 
Schiff base divalent metal complexes, tin ( ; 

^tal acetylacetonate complexes, metal bidentate Ugand 
complexes, bisphosphonates , divalent metal maleonitriledithiolate 
complexes, molecular charge transfer complexes, aromatic and 
heterocyclic polymers and rare earth mixed chelates. 

. A multicolor, energizable, light emitting display 
plurality of energizable, light emitting 
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comprising: 



a 

structures ; 
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each of said structxures coaqprising a plurality of 
transparent, light emitting devices (LEO) that are stacked on 
each other; 

each of said LEDs in each of said structiires being 
operative to emit a different color light when energized; and 

aeans for selectively energizing at least one of 
said LEDs in each of said structures so that the color produced 
by each of said light emitting structures is determined by which 
LED or LEDs in each light emitting structure is energized so that 
light emitted from said structures creates an image having a 
predetermined shape and color. 

76. The display of claim 77, wherein said energizable, 
light emitting structures are arranged in an array, said array 
including at least two axes, and each of said light emitting 
structures is at the intersection of at least two of said axes. 

79. The display of claim 78, wherein said axes define 
a horizontal axis and a vertical axis. 

80. The display of claim 78, wherein said means for 
selectively energizing at least one of said LEDs in each of said 
structures includes: 

means for selecting the structures and the LEDs 
in those structures to be energized; and 

means for serially scanning each of said axes so 
that said means for selectively energizing at least one of said 
LEDs scans along said axes so that said selected ones of said 



57 



wo 96/1^92 



PCT/US95/15790 



LEDS at the intersection of .aid axea are aerially e;.ergi«ed to 
^it light so that said image and said colors are created 
serially. 

81. The display of claia 77, wherein said .eans for 
selectively energizing at least one of said LEDs in each of said 

structures includes: 

neans for substantially serially energizing said 

LEDS that are in said structures so that said image and said 

colors are created serially by said structures. 

82. The display of claim 77, wherein said for means 
for selectively energizing said LEDs is operative to 
simultaneously energize selected ones of said LEDs in selected 
ones of said structures so that said image and said colors are 
created simultaneously by said selected ones of said LEDs in said 
selected ones of said structures. 

83. The display of claim 77, wherein each of said 

structures further includes: 

a transparent substrate; 

said LEDs each having a bottom and a top and 
defining a stack of LEDs having a bottom and a top, said stack 
being supported on said transparent substrate; 

a first layer of substantially transparent, 
electrically conductive material, said first layer being disposed 
between said bottom LED and said transparent substrate; 
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at laast one second layer of suLstantlally 
transparent, electrically conductive naterial, said second layers 
being disposed between adjacent ones of said LEDs; 

a first layer of electrically conductive material, 
said first layer being disposed adjacent the top of said top 
LED; and 

means on each of said layers of electrically 
conductive material for being connected to a bias for selectively 
energizing each of said LEDs. 

,84. The display of claim 83, wherein each of said 
layers of substantially transparent, electrically conductive 
material and said layer of electrically conductive material 
includes a layer of indium-tin-oxide. 

85. The display of claim 83, wherein each of said 
layers of substantially transparent, electrically conductive 
material, and said layer of electrically conductive material, 
includes a layer of metal and a layer of indium-tin-oxide. 

86. The display of claim 85, wherein said metal has 
a work function of less than about four electron volts. 

87. The display of claim 83, further including: 

a layer of reflective material disposed on the 
layer of electrically conductive material adjacent the top of 
said top LED so that light from said LEDs is reflected through 
said transparent substrate by said layer of reflective material. 
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88. The display of claim 87, further including: 

.aid Steele of LEDs is supported by said transpar- 
ent substrate in an order that corresponds to the wavelength of 

the light that said LEDs emit; and 

.aid LED emitting the shortest wavelength is 

4- ««hfitrate so that the light emitted 
closest to said transparent substrate 

,.om each of said LEDs when it is energized is transmitted 
through the other LEDs and through said transparent substrate. 

89. The display of claim 88, further including a layer 

.^.o-rial disposed between said LED emitting 
of anti-reflecting material aispose 

, «nd said transparent substrate so that 

the shortest wavelength and saia x.t y 

.^^.H from each of said LEDs when it is energized is 
the light emitted from eacn o* 

not reflected from said transparent eubstrate. 

,0. The di.pl.y of clal. 77, further including: 
a transparent substrate; 

each of said LEDs having a top and a bottom; 
at least two layers of substantially transparent, 
electrically conductive material, one of said layers being 
disposed on said transparent substrate; 

the bottom of one of said LEDs in each of saxd 
structures being supported on said one layer of substantially 
transparent, electrically conductive material; 

the others of said layers of substantially 
transparent, electrically conductive material being disposed 
^tween the remainder of said LEDs so that said LEDs define a 



stack; 
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a layer of alectrically eonductlva aatarlal 
supported on the top of said LED in said stack that is furthest 
frpa said transparent substrate; and 

Beans on each of said layers of siibstantially 
transparent, electrically conductive aaterial and on said layer 
electrically conductive aaterial for being connected to a bias 
for selectively energizing each of said LEDs. 

91. The display of claim 90, wherein each of said 
layers of substantially transparent, electrically conductive 
aaterial, and said layer of electrically conductive aaterial 
include a layer of indiim^tin-oxide. 

92. The display of claia 90, wherein said layers of 
substantially transparent, electrically conductive aaterial and 
each of said layers of electrically conductive aaterial include 
a layer of aetal and a layer of indiua-tin-oxide. 

93. The display of claia 92, wherein said aetal has 
a work function of less than about four electron volts. 

94. The display of claia 90, further including: 

a layer of reflective aaterial disposed on said layer 
of substantially transparent, electrically conductive aaterial 
adjacent the top of said top LED so that light is reflected 
through said transparent substrate by said layer of reflective 
aaterial. 
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95. Th. .truotur. ot clal» »4, wh.r.in 

..id .t.c)c ot LEDs ia Bupport«3 by ..ia tr«.p.r- 
.„t «b.tr.t. in » ord.r that =orr«pond. to th. wavelen^ ct 

th. light that .ala tB). mU. «"« 

..id LID Mittin, th. rtwrtMt wavlrngth i. 

cXo».t to ..id tran.par.nt .uhstrat. .o that th. light «itt.d 
tro. each of .aid LED. vh.n it i. en.r,ized i. trans.itt.d 
through th. oth.r 1=.. and through .aid tran.par.nt .uhstr.ta. 

96. Th. .tructur. of claim 95, furthar including: 

. layer ot anti-r.f lacting »at.rial di.pos«l 
h.tv..n .aid LED ..ittin, the .hort..t wavelength and ..id 
transparent .ubatrat. .o that the light .Bitted troB each of saxd 
LED. When it i. .n.rgi»d i. not reflected tro» .aid tranaparent 
substrate • 

97. The display of claim 77, wherein said plurality 

of LEO'S include: 

three LEDs; 

each of said LEDs being a double heterostructure 

(DH); 

said LED closest to said transparent substrate 
being operative when energized to emit blue light; 

said LED furthest from said transparent substrate 
being operative when energized to emit red light; and 

said other LED being operative when energized to 

emit green light. 
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98. The multicolor light emitting display cf claim 97, 
wherein each of said L£Ds includes an cuaission layer containing 
an organic material selected from the group consisting of 
trivalent metal guinolate complexes, trivalent metal bridged 
guinolate complexes, Schiff base divalent metal complexes, tin 
(iv) metal complexes, metal acetylacetonate complexes, metal 
bidentate ligand complexes, bisphosphonates, divalent metal 
maleonitriledithiolate complexes, molecular charge transfer 
complexes, aromatic and heterocyclic polymers and rare earth 
mixed chelates. 

99. The display of claim 77, wherein said plurality 
of LED's include: 

three LEDs; 

each of said LEDs being single heterostructures 

(SH); 

said LED closest to said transparent substrate 
being operative when energized to emit blue light; 

said LED furthest from said transparent substrate 
being operative when energized to emit red light? and 

said other LED being operative when energized to 
emit green light. 

100. The multicolor light emitting display of claim 99, 
wherein each of said LEDs includes an emission layer containing 
an organic material selected from the group consisting of 
trivalent metal guinolate complexes, trivalent metal bridged 
guinolate complexes, Schiff base divalent metal complexes, tin 
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W„..tat. llgand =OBpl.x.., W.phon.hon.t.., div.l.nt ««! 
«l«nitrU.dlthl.l.te =OBpX«.., -oLcular char^ tr«..f.r 
c»px«.., «»atic «.d Mt«ocyelic pcly-ers ^ rar. ..rth 
nixed chelates « 

101. X -ethod of fabricating a .ulticolor, .nTgizable 
light «aitting structure, comprising the steps of: 

providing a transparent substrate; 

providing a first substantially transparent 
electrically conductive layer on said transparent substrate; 

providing a first transparent, light «aitting 
diode (LED, on said substrate, said first LED being operable when 
energized to emit a light of a first predetermined wavelength; 

providing a second substantially transparent, 
electrically conductive layer on said first LED; 

providing a second transparent, light emitting 
diode (LED, on said second substantially transparent, 
electrically conductive layer, said second LED being operable 
When energized to emit a light of a second predetermined 
wavelength, that is longer than said first predetermined 
wavelength; and 

an electrically conductive layer on said second 

(LED) . 

102. A method as in claim 101, wherein 

said steps of providing said first and second LEDs 
comprises the steps of forming each of said LEDs by; 
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depositing a hole transporting layer on said first 
and second substantially transparent, electrically conductive 
layers ; 

depositing an emission layer on each of said hole 
transporting layers; and 

depositing ah electron transporting layer on each 
of said emission layers. 

103. The method of claim 102, wherein each of said 
emission layers includes a material selected from the group 
consisting of trivalent metal guinolate complexes, trivalent 
metal bridged guinolate complexes, Schiff base divalent metal 
complexes, tin (iv) metal complexes, metal acetylacetonate 
complexes, metal bidentate ligand complexes, bisphosphonates, 
divalent metal maleonitriledithiolate complexes, molecular charge 
transfer complexes, aromatic and heterocyclic polymers and rare 
earth mixed chelates, 

104. A method as in claim 103, wherein each of said 
substantially transparent electrically conductive layers and said 
layer of electrically conductive layer are comprised of indium- 
tin-oxide. 

105. A method as in claim 102, further including: 
the step of providing a layer of substantially 

transparent metal between said LEDs; and 
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a layer of said substantially tranaparent 
.lectrically conductive material on each of said layers of 
substantially transparent metal. 

106. A .ethod as in claim 105, wherein said metal has 
a work function of less than about four electron volts. 

107. A method as in claim 105, wherein said metal is 
from the group consisting of magnesium, arsenic and magne- 
si\im/gold alloy. 

108. * Mthod in claim 101, wherein eeld l.yer of 
electrtcally conductive i»terlal has a reflective .urt.c. for 
reflecting li,ht emitted fro. ..id LED. through ..id transparent 
substrate . 

109. A method as in claim 101, further including the 

step of; 

providing an electrical contact on each of said 
layers of substantially transparent, electrically conductive 
material, and on said layer of electrically conductive material 
so that each of said layers can be connected to a source of bias 
potential. 



110. A 



transparent energizable, light emitting device 



(LED) , comprising: 

an emission layer, a hole transporting layer and 



an electron transporting layer; 
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said emission layer being disposed between said 
bole transporting layer and said electron transporting layer; 

a first layer of substantially transparent 
•lectrically conductive aaterial, and a second layer of 
electrically conductive material, said first layer being on said 
bole transporting layer, said second layer being on said electron 
transporting layer; and 

said emission layer consists of material selected 
from the group consisting of trivalent metal quinolate complexes, 
trivalent metal bridged quinolate complexes, Schiff base divalent 
metal complexes, tin (iv) metal complexes, metal acetylacetonate 
complexes, metal bidentate ligand complexes, bisphosphonates , 
divalent metal maleonitriledithiolate complexes, molecular charge 
transfer complexes, aromatic and heterocyclic polymers and rare 
earth mixed chelates. 

111. The device of claim 110, wherein 

said emission layer is no more than about 20oA 

thick; 

said hole transporting layer is no more than about 
lOOoA thick; and 

said electron transporting layer is no more than 
about lOOoA thick. 
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